ABSTRACT Phorid ßies in the genus Pseudacteon affect the foraging and defensive behaviors of their host, the red imported Þre ant, Solenopsis invicta Buren. Field observations of Pseudacteon species indicated interspeciÞc variation in attack behavior. Here, we assess whether differences in attack behavior and ant response might assist in prioritizing species for biocontrol. We studied the oviposition behavior of eight phorid ßy species and determined how attack by each inßuenced the normal behavior of the red imported Þre ant. The ßy species tested were: Pseudacteon borgmeieri Schmitz, P. curvatus Borgmeier, P. nudicornis Borgmeier, P. obtusus Borgmeier, P. solenopsidis (Schmitz), P. tricuspis Borgmeier, P. litoralis Borgmeier, and P. wasmanni (Schmitz). Of these, P. borgmeieri attack interfered with normal red imported Þre ant worker behavior the most, whereas P. curvatus had the least effect. Because the supposed effectiveness of phorids as biocontrol agents depend on their ability to interfere with normal Þre ant behavior, these results suggest that some species of phorids would be better candidates for biocontrol than others. Our results combined with results from other studies examining host speciÞcity of phorids suggest that P. tricuspis and P. obtusus are excellent candidates for biocontrol of the red imported Þre ant in geographical areas where polygyne colonies dominate, such as Texas. Conversely, where monogyne colonies dominate, such as Florida, P. litoralis should be considered.
OF THE KNOWN parasitoidÐ host relationships, the Pseudacteon (Diptera: Phoridae)-Solenopsis (Hymenoptera: Formicidae) system is unique, because a single species hosts an unusually large number of congeneric parasitoids. As many as four Pseudacteon ßies have been reported to attack Solenopsis ants within a few square meters (Orr et al. 1997) . Even more impressive is the diversity of Pseudacteon species over their hostÕs entire range; there are 18 species that attack ants from the Solenopsis saevissima complex (which includes the red imported Þre ant, Solenopsis invicta Buren), and still more undescribed species over its native range in South America (Porter and Pesquero 2001) .
There are many speciose genera of parasitic wasps and ßies, however, we could not Þnd another system in which a single host is used by so many congeneric parasitoids. An exhaustive literature search, cross-referencing Hawkins and Sheehan (1994) and Krombein et al. (1979) and covering some 608 hosts and their parasitoids, revealed one host species with seven congeneric parasitoids, two host species each with six congeneric parasitoids, and nine host species each that hosted four or Þve congeneric parasitoids.
The number of Pseudacteon ßies that attack the red imported Þre ant presents the opportunity to address ecological and evolutionary questions that could not be considered in more typical parasitoid-host systems: How do various species of parasitoids differ in their impacts on the same host species? How might variation in behavior among species of phorids be important in niche partitioning by these parasitoids? How might variation in both parasitoid and host behavior be important in the evolutionary arms race between them? The answers to these questions are fundamental to understanding the ecology and evolution of biodiversity.
These questions are also of applied interest, because phorid ßies are under study as biocontrol agents of the red imported Þre ant. Unlike most biocontrol agents, the primary effect of phorid ßies on Þre ant populations is not via direct mortality. Pseudacteon phorids are parasitoids of individual workers but only parasites of the colony; rates of parasitism for the native Þre ant, S. geminata (F.), range below 3% . Observations indicate a similar pattern for pho-rid-induced mortality of the red imported Þre ant in Brazil (Orr et al. 1994 ,1997 , Porter et al. 1997 .
Rather than imposing high levels of mortality, phorid ßies affect food gathering and nest defense behaviors of Þre ants. Foraging and food retrieval decrease in the presence of phorid ßies (for red imported Þre ant: Orr et al. 1995 , 1997 , Porter et al. 1995b , for S. richteri Forel, black imported Þre ant Folgarait and Gilbert 1999 ; for Solenopsis geminata (F.) tropical Þre ant: Brown 1992, Morrison 1999 ; for Pheidole dentata : Feener 1981) . red imported Þre ant workers contacted by attacking phorids adopt "frozen" postures, which removes the workers from the colonyÕs workforce. Because the ßies are swift and agile, they attack and incapacitate a large number of ants in minutes. Attacked ants release pheromones that inßuence their nestmates (Holvercem and Trigo, unpublished data), which respond by tending the attacked ant, posturing, or seeking cover. Thus, workforce recruitment stops, and resources are abandoned (e.g., Orr et al. 1995 , Folgarait and Gilbert 1999 , Morrison 1999 . Competing ant species previously kept at bay by Þerce red imported Þre ant workers then plunder red imported Þre ant resources and/or brood (unpublished data).
Although the decrease in normal red imported Þre ant behavior has been documented (Orr et al. 1995; Porter et al. 1995b; Orr et al. 1997 ; for black imported Þre ant, Folgarait and Gilbert 1999; for tropical Þre ant, Feener and Brown 1992, Morrison 1999) , no one has yet determined which species of ßies inhibit normal behavior most. Here, we describe the behavior of the red imported Þre ant attacked by eight species of phorid ßies. We assumed that the greater the alteration in behavior, the greater the effect a species of ßy would have on competitive and defensive activities of worker ants, which may ultimately inßuence colony Þtness, competitive strategy in the Þeld, and economic impact of this species. To the extent that this assumption proves true, the ßy species with the greatest effect should be accorded highest priority to rear for biocontrol trials.
Materials and Methods
Research was completed at the Brackenridge Field Laboratory (University of Texas, Austin) under APHIS-approved containment, using ßies imported from Brazil and Argentina. Imported ßies were collected in the Þeld. We aspirated individual phorids from disturbed red imported Þre ant mounds into containers and identiÞed females to species with 10x lenses. Flies were transported from South America to our laboratory within 72 h of collection. The data herein are from ßy shipments received from October 1997 through February 1999. We collected P. borgmeieri Schmitz, P. curvatus Borgmeier (one population from Argentina and one from Brazil), P. litoralis Borgmeier, P. nudicornis Borgmeier, P. obtusus Borgmeier, P. solenopsidis (Schmitz), P. tricuspis Borgmeier (Brazilian population), and P. wasmanni (Schmitz). Unless otherwise speciÞed, P. tricuspis refers to the Brazilian population, considered historically to be this species. Populations of P. curvatus from Argentina and Brazil were tested separately to determine if there were differences in these two widely separated populations. All other species were collected in Brazil. We collected ßies that attacked ants from the S. saevissima complex, which includes S. invicta and S. saevissima Forel.
In the laboratory, Ϸ1 g of red imported Þre ant workers (Ϸ650 ants) was placed in an attack arena, a plastic box (51 by 39 by 15 cm) with a glass cover and a plaster-covered ßoor. The inside walls of the arena were coated with Fluon (polytetraßuorethylene: ICI Fluropolymers, Exton, PA), to prevent workers from escaping. We provided the ants with water and sugar water. A single phorid female was released into the arena and observed.
Adjustments were made to accommodate each phorid species. For species that typically attack trailing ants (see Table 1 ), ants were allowed to form trails, usually around the perimeter of the box bottom, which encouraged the ßies to attack. Phorid species that attacked at disturbed mounds (see Table 1 ) were attracted to ants that were aggregated. In those instances when a ßy was not attacking, crushing one or two ants caused alarm among the ants and often elicited attack.
Heat lamps provided increased ambient temperature in the attack arenas when necessary. Temperatures varied by only a few degrees (29 Ð32ЊC), and all temperatures were well within the known foraging temperatures of the red imported Þre ant (10 Ð50ЊC) (C.T.W., unpublished data).
Detailed Behavioral Observations. We observed the attack behavior of each phorid species to generate ethograms and descriptions. At least three observers watched each species of ßy, and each observer watched a minimum of Þve ßies of a particular species attack a minimum of 100 ants.
Focal Ant. A female phorid was released into an attack arena, allowed to attack an ant, and then removed immediately. We observed the attacked worker ant, or focal ant, until it exhibited normal behavior, which was indicated by (1) relaxed body and leg posture (see Fig. 2A ), (2) walking in an unhalting manner, (3) closed mandibles, and (4) the absence of solicitation of attention from nestmates. We recorded the time a focal ant remained in a "frozen" stance (i.e., "time incapacitated") and analyzed for differences among species by analysis of variance (ANOVA).
Attending Ants. We recorded at 10-s intervals the number of ants that responded to the focal ant with tending behavior (i.e., antennation and/or allogrooming). Such ants were termed attending ants. Data were recorded until the focal antÕs behavior returned to normal, which gave a measure of the focal antÕs effect on attending ants over time. Because attending ants discontinue normal foraging behavior, recording these data gave an additional measure of a phorid speciesÕ impact on normal activity. Variation among species was assessed by ANOVA.
Results

Description of Generalized Attack Behavior and
Fire Ant Response. The following accounts derive from observations of eight Pseudacteon species interacting with S. invicta. These data form a basis for describing the behavioral differences among phorid ßy species.
General Fly Behavior. Female ßies chose ants that walked normally and avoided ailing, lethargic, or injured ants. They hovered 2Ð 6 mm away from the side of the ant and oriented the axis of their bodies perpendicular to the axis of the victimÕs body. Hovering phorids ßew forward and back and side to side, like bees assessing object location (Jander 1997) . Before striking an ant, a femaleÕs ßight became steady, and it hovered with the anterior portion of its body tipped up at a slight angle, with its abdomen curved under its body. Oviposition consisted of a quick jab lasting a fraction of a second. The highly specialized and sclerotized ovipositor jabbed into the thorax of the ant, apparently where the coxal region of the Þrst leg joins the thorax (Cô nsoli et al. 2001) . The impact force of oviposition often toppled the victim onto its side ( Fig.  1 ) despite the plaster substrate to which ants cling easily.
General Ant Behavior. Before oviposition, the targeted ant usually displayed no reaction to the hovering ßy. On rare occasions when the ant detected a phorid, it responded aggressively, chasing the phorid on stilted legs, mandibles agape. Occasionally, an ant caught a phorid, crushed the ßy in its mandibles, and carried it about for some time. Other ants sometimes assisted in dismembering the ßy.
Focal ants discontinued normal activity and responded in one of three ways. (1) no response; (2) agitated running (stilted legs, gaster and head raised, mandibles open) in apparent attempts to attack the phorid; and (3) assumption of one of four postures, previously termed "frozen" posture (Porter 1998) , "defensive" posture (Borgmeier 1922 , Feener 1987 , Feener and Brown 1992 , or as an "alarm display" (Pesquero et al. 1993) . Occasionally, ants responded Þrst with running and then assumed a posture. We termed the four postures the "U," "n," "C," and "toppled" postures.
The "U" posture ( Fig. 2B ) resembled gaster ßagging, except the abdomen did not quiver. The gaster was raised, legs stilted (similar leg posture is described for warring Oecophylla longinoda (Latrielle) in Hö lldobler and Wilson (1978) ) and mandibles were held open. In the "n" posture ( Fig. 2C ), legs were stilted and mandibles were held open, but the head and abdomen drooped, giving the insect a limp appearance. The "C" posture ( Fig. 2D ) resembled the posture assumed during "gaster rubbing" (Monnin and Peeters 1999) . The ant stood on stilted legs, mandibles open, and pulled its gaster so far under its body that the tip pointed at its head. The Þrst pair of legs were lifted off the ground and sometimes waved about. The animal often shifted from one posture to another, all of which attracted attending ants (Fig. 3) . Note that failure to report a species as present during a particular time of year might simply reßect the fact that it was not captured. Where host speciÞcity has been tested at the species level, even those species considered host speciÞc attacked non-host species of ants at a low rate. Host speciÞcity among Solenopsis species for P. borgmeieri, P. nudicornis, and P. solenopsidis are being tested currently. Measurements of host size head capsules are given in the text.
a Orr et al. 1997 . Attending ants antennated and groomed focal ants for periods lasting from less than a second to several minutes. At Þrst the focal ant did not respond to the attending ants, but eventually did return antennation and/or took halting steps. Generally, major workers attracted more attending ants than did minors. In rare instances, attending ants postured after contacting a focal ant. Such incapacitated attending ants sometimes attracted their own attending ants. Regardless of the species of attacking ßy, the number of attending ants peaked quickly and then decayed in an approximately linear fashion over time (Fig. 4) . As time passed, the focal ant walked more frequently and for greater distances between halting to posture. Encounters with attending ants increased the time a focal ant remained incapacitated. Toward the end of the period of incapacitation, the mandibles relaxed, the gaster dropped, walking posture returned to normal (legs were not stilted), and the antÕs behavior was not affected by encounters with other ants. At this point the antÕs behavior was considered normal. Time spent incapacitated varied from a few seconds to over an hour.
Species-Specific Oviposition Behavior in Pseudacteon and Post-attack Reactions by S. invicta. The species accounts which follow are based on our detailed lab observations, but Þeld observations are incorporated where possible to make the description more complete. In our experience, species-speciÞc behavioral features observed in the Þeld are repeated in the laboratory. Behaviors noted included (1) ßy selection of aggregated (ants in continuous contact with other ants) or isolated (ants not in contact with other ants) ants, (2) orientation of the ßyÕs body axis to the focal antÕs body axis, (3) ßy behavior during oviposition, and (4) which part of the hostÕs body was attacked. These observations supplement the quantiÞed data to provide information for potentially developing phorid ßies as biocontrol agents. Where possible, corroborating studies are cited. Fig. 1 . Series of photographs showing how strongly the force of attack inßuences the antÕs equilibrium. These photographs were taken from series of digital video images shot through the bottom of a glass-bottomed arena, so the view is ventral. Selected frames in this behavioral sequence show events from t ϭ 0Ð0. 4 s. (A) The phorid ßy (arrow) at t ϭ 0 s approaches the ant from the upper left. The ant is carrying a larva in its mandibles. (B) The ßy (arrow) at 0. 3 s swoops in and contacts the ant. This initial contact has already begun to throw the ant from its equilibrium. The visible portion of the ßyÕs body (head and thorax; at this angle the ßyÕs abdomen is blocked from view by the antÕs thorax) has been enhanced so that its orientation to the antÕs body can be seen. (C) The ßy (arrow) at 0. 33 s oviposits, jabbing its ovipositor into the ants body and then launches itself off the antÕs body. The force is so great that the ßy and ant are almost completely blurred. (D) The ant is knocked off its feet completely and is holding its legs dorsally (t ϭ 0. 4 s). The ßy is a blur (arrow) in the upper left part of the photo as it moves away from its victim.
Females of P. curvatus are small ßies (mesonotum width ϭ 0.33 mm Ϯ 0.04) that attacked minor workers (worker head width ϭ 0.66 mm Ϯ 0.11) . They preferred to attack isolated ants, thereby reducing the number of encounters with attending ants. Because contact from tending ants inßuenced the time a focal ant spent incapacitated, the effect P. curvatus had was less than that of Pseudacteon species that attacked aggregated ants.
Females of P. tricuspis are medium-to large-sized ßies (mesonotum width ϭ 0.50 mm Ϯ 0.04) ; mesonotum width ϭ 0.49 mm Ϯ 0.03) (Orr et al. 1997) , and attacked medium-sized workers (worker head width ϭ 0.93 mm Ϯ 0.19) . They tended to attack loosely aggregated ants, which was consistent with the observation that this species primarily attacks at disturbed mounds.
Females of P. litoralis are large ßies (mesonotum width ϭ 0.55 mm Ϯ 0.05) ; mesonotum width ϭ 0.57 mm Ϯ 0.03) (Orr et al. 1997) , and attacked the largest ants (worker head width ϭ 1.02 mm Ϯ 0.17 Morrison et al. 1997) . Otherwise, females of P. litoralis were similar to P. tricuspis in behavior and in the response elicited from ants.
P. borgmeieri is a medium-sized species of ßy (mesonotum width ϭ 0.45 mm Ϯ 0.04) (Orr et al. 1997 ) that attacked medium-to large-sized worker ants. They had an above average attack rate , but the responses ovipositing females elicited from both focal and attending ants were extreme (Figs. 4 and 5) ; attending ants frequently became incapacitated upon inspecting focal ants. This ßy attacked both clumped and trailing ants.
Females of P. nudicornis are small phorids (mesonotum width ϭ 0.34 mm Ϯ 0.02) (Orr et al. 1997 ) that tended to attack minor. They had an average attack rate and attacked trailing and solitary ants. Interestingly, even when this ßy attacked isolated ants, the focal ants had very strong responses and attracted high numbers of attending ants.
Females of P. obtusus are small ßies (mesonotum width ϭ 0.35 mm Ϯ 0.04) (Orr et al. 1997 ) that attacked minor workers. They had notably lower attack rates than the other phorid species and preferred trailing and solitary ants.
Females of P. solenopsidis are medium-sized ßies (mesonotum width ϭ 0.47 mm Ϯ 0.04) (Orr et al. 1997 ) that preferred medium-to large-sized workers. Their attack behavior differed considerably from the generalized description. In the Þeld and in a laboratory, this ßy singled out an ant, which it harassed by hovering in front of and lunging at its victimÕs head. The ant chased the ßy, which ßew backwards, faceto-face with the ant, leading it away from the foraging trail (in the lab: at the edge of the arena away from other ants). After several minutes, the phorid darted 
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around to the side of the ant and oviposited. The focal ant postured, but because it was isolated, was tended by other ants only rarely, thus reducing the focal antÕs time incapacitated. Because of its method of attack, this ßyÕs attack rate is extremely low. Still, this ßy has been shown to reduce foraging of the red imported Þre ant in Brazil (Orr et al. 1995) . Females of P. wasmanni are medium-sized ßies (mesonotum width ϭ 0.48 mm Ϯ 0.03) ; mesonotum width ϭ 0.47 mm Ϯ 0.04) (Orr et al. 1997 ) that attacked medium-sized workers (worker head width ϭ 0.77 mm Ϯ 0.15) . They attacked clumped ants and had a below-average attack rate, possibly because P. wasmanni normally attacks S. saevissima.
Effect of Fly Species on Red Imported Fire Ant Incapacitation Time. The phorid species effects on the incapacitation time of focal ants differed signiÞcantly (grand ANOVA, F-test ϭ 4.90, P ϭ 0.0001; Fig. 5 ). P. borgmeieri and P. nudicornis incapacitated red imported Þre ant workers the longest. P. litoralis, P. tricuspis, and P. wasmanni were also effective at incapacitating red imported Þre ant workers, though the effect was somewhat less than that of P. borgmeieri or P. nudicornis. Less effective still were P. obtusus, P. curvatus (Argentine), and P. solenopsidis. Brazilian P. curvatus had the least effect (Fisher PLSD). The number of attending ants (y-axis) has been standardized into a proportion of the total number of attending ants tending at each time percentile for each species of ßy. Time (x-axis) from the point that the focal ant was incapacitated until its behavior returned to normal has been standardized into time percentile, thus showing that the over-all pattern of how attending ants respond to the focal ant is similar regardless of species of ßy attacking.
Effect of Fly Species on Red Imported Fire Ant
Attending Ant Recruitment. Attack by P. borgmeieri elicited the strongest attending ant response, and P. curvatus elicited the weakest response (grand ANOVA, F-test ϭ 5.37, P ϭ 0.0001; Fig. 6 ). All other species of ßies showed an intermediate effect (Fisher PLSD).
Discussion
We have shown that ant response to attacking phorids varies with the particular phorid species involved. Why do Þre ants respond more strongly to attacks by certain phorid species? Even though the site of egg insertion (the thorax) is the same across the Pseudacteon phorid species studied herein, there is tremendous variation in Pseudacteon ovipositor morphology (Porter 1998) . Perhaps this variation results in differing degrees or types of damage inßicted on the intersegmental membrane. We hypothesize that phorids that cause less damage to the host during oviposition minimize the hostÕs reaction and, therefore, the attractiveness of the focal ant to attending ants. Such phorids would have a relatively lower indirect effect on colony Þtness than phorids like P. borgmeieri, which have a strong effect on their hosts but might attack more host ants before they posture or hide. Although phorids that elicit little response from their hosts might have a higher direct effect on colony Þtness, the costs are probably fairly low .
The Pseudacteon phorid ßy-Solenopsis Þre ant system provides a distinct contrast to the more familiar parasitoid-host systems and the models (e.g., Nicholson-Bailey model, Nicholson and Bailey 1935) that have been generated to explain the parasitoid-host interaction dynamics (for review, see Mills and Getz 1996) . Although Þre ants occur in large concentrations around relatively permanent nests, the individuals are highly mobile and aggressive. True to parasitoid-host models, parasitoids of worker ants must locate and identify their hosts. However, unlike typical parasitoidÐ host models, which assume an immobile host that is sought by an active parasitoid, Pseudacteon spp. seek moving targets, presumably using activity as an overall indicator of host health and ability to foster parasitoid progeny. Although some hosts have defensive behaviors intended to discourage parasitoids (e.g., "violent wriggling, " Godfray 1994) , this system differs from most in that the parasitoid must chase its host while avoiding aggressive attack during host selection and oviposition.
Our bioassay did not allow hiding which might be signiÞcant in nature. Regardless, behavioral responses to phorid attack affects a colonyÕs ability to forage or defend (Orr et al. 1994 , Porter et al. 1997 , and our data show that not all phorid species impose the same stress on a colony.
Posture Function. The postures assumed by attacked ants have been termed "defensive" (e.g., Feener and Brown 1992) , and indeed posturing ants are unattractive for additional attack. However, these postures are only assumed after attack, that is after infection by the parasitoid. Therefore, the beneÞt of the behavior, if it is defensive, is diminished. . Sample size for each of the ßies tested is listed in the row next to "count." Square root of the minimum time (sec) that the focal ant spent incapacitated is shown in the row next to "min." Square root of the maximum time (sec) that the focal ant spent incapacitated is shown in the row next to "max." borg, P. borgmeieri; nud, P. nudicornis; lit, P. litoralis; tri, P. tricuspis; was, P. wasmanni; obt, P. obtusus; cu(A), P. curvatus from Argentina; sol, P. solenopsidis; cu(B), P. curvatus from Brazil. Lowercase letters above the SD bars indicate which species of ßies are significantly different from each other. Fig. 6 . Square root of number of attending ants attending attacked (focal) ants following attack by each of the species of phorid ßies tested (grand ANOVA, F-test ϭ 5.37, P ϭ 0.0001; comparison by Fisher PLSD). Sample size for each of the ßies tested is listed in the row next to "count." Square root of the smallest total number of attending ants attending the focal ant is shown in the row next to "min." Square root of the largest total number of attending ants attending the focal ant is shown in the row next to "max." borg, P. borgmeieri; lito, P. litoralis; nud, P. nudicornis; obt, P. obtusus; tri, P. tricuspis; was, P. wasmanni; sol, P. solenopsidis; cu(A), P. curvatus from Argentina; cu(B), P. curvatus from Brazil. Lowercase letters above the SD bars indicate which species of ßies are significantly different from each other.
Proximate reasons explaining why focal ants assume postures after attack are unclear, but the fact that ants are attracted to and tend the focal ant offers some clue. The attending ants are probably attracted by distress or alarm pheromones released by the focal ant as a result of an attack (C.G.H. and Trigo, unpublished data). The body parts of the focal ant most intensely attended by the attending ants are the tip of the abdomen, the buccal area, and the base of the forecoxae. The Þrst two areas are known sites for release of pheromones (e.g., Obin and Vander Meer 1985, Vander Meer et al. 1999) . During oviposition, the egg is injected through intersegmental membrane probably at the base of the Þrst or second leg (see Cô nsoli et al. 2001) , which might attract allogrooming either because of the injury or because the ovipositing ßy might deposit an unfamiliar odor on its hostÕs exoskeleton.
Implications for Biocontrol of the Red Imported Fire Ant in North America. In their introduced range, Þre ants are dominant competitors. In North America, when a Þre ant mound is disturbed, the ants come to the mound surface to retrieve brood and defend the nest unimpeded by natural enemies, such as phorid ßies. If a natural enemy reduces the amount of time that the red imported Þre ant spends defending its nest or other resources, then other species of ants might be able to exploit the resource (e.g., raid brood).
Studies have shown that the presence of phorid ßies signiÞcantly alters foraging behavior of Solenopsis spp. (Feener and Brown 1992 , Orr et al. 1995 , Orr et al. 1997 , Folgarait and Gilbert 1999 , Morrison 1999 . Although the many species of Pseudacteon phorids have the same general method for infecting their host, our results demonstrate substantial variation in the effect that various species of Pseudacteon ßies have on their hosts. In the Þeld, Orr et al. (1997) showed attack rate on ants in the S. saevissima complex varied among Pseudacteon species, although recruitment to foraging trails rebounded to prephorid presence numbers after 30 Ð90 min of P. solenopsidis attack.
Interspecific Competition among Phorid Species. Currently, there are two species of phorid ßies being mass-reared and released as biocontrol agents in the southeastern United States (P. tricuspis at our lab and the laboratory of S. Porter, USDA, Gainesville, and P. curvatus at the laboratory of S. Porter). Why then is there continued research to identify new candidate phorids for biocontrol? Standard biocontrol models raise the concern that multiple species introductions might decrease effectiveness of the overall program due to interference competition (e.g., Kaya and Koppenhofer 1996, Grodowtiz et al. 1997) . However, four aspects of antÐphorid interaction suggest that interference competition will not likely occur. First, foraging ecologies differ for each species of phorid ßy coexisting in sympatric assemblages (Table 1; for descriptions of natural history, see Porter et al. [1995a] , Pesquero et al. [1996] , Orr et al. [1997] , and Porter [1998] ).
Second, Pseudacteon species vary with respect to preferred size of hosts. For example, P. tricuspis tends to attack workers of medium size (in monogyne colonies). This means that in monogyne populations, large-and small-sized Þre ants foraging on trails and ants at mounds disturbed during certain times of day would not be attacked by P. tricuspis. Furthermore, Þeld experiments have demonstrated that Þre ant caste ratios on foraging trails change after phorid attack begins; the ratio shifts to include fewer ants of the size being attacked (Folgarait and Gilbert 1999) . Given the evidence that host size preferences and foraging ecologies differ among phorid species, it is likely that release of more than one species of phorid ßy in an area will provide better red imported Þre ant suppression.
Third, infection rates in the Þeld for at least one species of Solenopsis have been shown to be extremely low (Ϸ2.4% in Solenopsis geminata) . Such low infection rates suggest that there is not a shortage of host ants available for phorid ßies to attack.
Last, phorid ßy species vary in the type of activity that elicits attack (Table 1) . Orr et al. (1997) showed that on average some species of phorids attack at disturbed nest mounds, whereas others attack at ant foraging trails. Such intrageneric variation is probably a function of the type of pheromone (acting as a kairomone), which releases orientation behavior by females of various Pseudacteon spp. Flies that attack at disturbed mounds are likely to be responding to alarm pheromone, whereas ßies that attack at trails are probably responding to trailing pheromone.
These four features of the phorid-Þre ant system predict that interspeciÞc competition for host ants can be minimized by careful selection of Pseudacteon species used for biocontrol within a given red imported Þre ant population.
Selecting Candidate Species for Biocontrol. A major goal of this study was to identify species of Pseudacteon ßies with a strong impact on Þre ant behavior. There are Ϸ16 species of Pseudacteon that are potential candidates for mass rearing and release in the southeastern United States. Our research has singled out several phorid species with exceptionally strong behavioral effects on the red imported Þre ant. However, any phorid species being considered for biocontrol must also meet other criteria. SpeciÞcally, these species should also (1) demonstrate host-speciÞcity, (2) be easy to rear in the laboratory, and (3) be tolerant of climates in the introduced range of S. invicta. Ideally, ecologically complementary species can be identiÞed, so that foraging of the red imported Þre ant can be inßuenced over a greater range of worker sizes, times of day, and ant activities (disturbed mound versus foraging trails). Because all of these criteria are important, it is important to note that the species of ßy chosen for mass rearing might not necessarily be the one with the strongest behavioral effect on the red imported Þre ant. However, when there is a choice between two species that are equally qualiÞed with respect to the other criteria, the species with the greater detrimental effect on red imported Þre ant behavior should be chosen.
Pseudacteon tricuspis is an excellent core species from which to build a phorid ßy complement for biocontrol. This ßy has an adequate effect in subduing normal ant behavior and is active during the warmest part of the day of all months in South America (Pesquero et al. 1996) . Additionally, it attacks medium-sized workers (Orr et al. 1997) . This is signiÞcant because size distribution of worker ants differs for mono-versus polygyne colonies: average worker size of polygyne workers is smaller than that of monogyne workers (Greenberg et al. 1985, Goodisman and Ross 1996) . Moreover, certain areas of the introduced red imported Þre ant range, like Texas, have predominantly polygyne colonies, whereas others, like Florida, are dominated by monogyne colonies. P. tricuspis attacks "medium-sized" ants (see Results), which constitute different subsets in monogyne versus polygyne colony populations. Morrison et al. (1997) reports that the head width of ants attacked by P. tricuspis is 0.93 mm Ϯ 0.19 (mean Ϯ SD). According to Greenberg et al. (1985) , this size category approximately includes the upper end of the distribution of polygyne ants and the lower end of the distribution of monogyne ants. That is, P. tricuspis prefers to attack ants toward the small end of the distribution of available worker ant sizes in monogyne populations, but that same size preference means that P. tricuspis is attacking ants at the large end of the distribution of available worker ant sizes in polygyne populations. Therefore, a complementary species to mass rear and release alongside P. tricuspis in areas with polygyne colonies should be one that prefers small workers, like P. curvatus, P. nudicornis, or P. obtusus. Of these, P. nudicornis had the greatest effect, but its host speciÞcity is not known. Until then, P. obtusus would probably be the best ßy to rear.
For areas dominated by monogyne colonies, the complementary species should prefer larger workers than those preferred by P. tricuspis. In this case, we shall consider P. borgmeieri, P. solenopsidis, and P. litoralis. This study showed that P. borgmeieri had the greatest overall effect of any of the ßies tested, and it is reported to attack during hot weather (Borgmeier 1922) at both mounds and trails (Orr et al. 1997 ). All of these factors would make P. borgmeieri an excellent candidate for mass rearing, except that P. borgmeieri clearly is not host speciÞc because it attacks the native tropical Þre ant at an extremely high rate (Morrison and Gilbert 1999) . For this reason, the priority rating of this species is reduced as a candidate for release in regions with competing species of native Þre ants (such as Texas).
Although our preliminary studies indicate that P. solenopsidis is highly speciÞc to the red imported Þre ant, attempts at rearing them in our lab have not been successful. In addition, the attack rate and effect of P. solenopsidis on the antsÕ behavior was low.
Pseudacteon litoralis has a strong effect on the antsÕ behavior, is active year round in Brazil, and is highly speciÞc to the red imported Þre ant . We have successfully reared them in our lab but not yet in continuous culture. This Pseudacteon species should be strongly considered as a complement to P. tricuspis in areas where monogyne colonies dominate.
The applied signiÞcance of our work on behavioral interactions of phorids and their host ants lies in its potential for improving the use of phorid ßies in a sustainable program that results in suppressing the red imported Þre ant. Our Þndings can be used in concert with what is known about natural history and host speciÞcity of each ßy species to focus mass-rearing efforts on species that best complement each other in their attack strategies and ecologies, including host sizes preferred, and mode of locating and orienting to hosts.
